Background: Little research has focused on brief and practical strategies for addressing environmental tobacco smoke exposure through interventions focused explicitly on creating a smoke-free home. Methods: We used a two-group (intervention and control groups) repeated-measures randomized controlled trial design. Families were randomized to the intervention (n ¼ 176) or control (n ¼ 176) condition after the baseline interview, with outcome assessments for reported and urine cotinine measures at 2 (post-intervention), 6 (follow-up) and 12 (follow-up) months. Results: Baseline urinary cotinine levels of both groups were not statistically significantly different (P > 0.05); however, post-intervention urinary cotinine levels were significantly different at 2, 6 and 12 months after start of the study (P < 0.001). Conclusion: As a physician-based brief intervention, our intervention was effective. Clinical providers might offer feedback and brief interventions to preteens and adolescents. Because of the ease of intervention on delivery, this intervention has the potential to have significant impact if widely disseminated.
Introduction
Environmental tobacco smoke (ETS) exposure adversely affects the health of both children and adults. Children who are disturbed by ETS may not always complain, as they may be ignored or reprimanded when they express their complaint. Therefore, children are more likely to suffer from the impact of ETS exposure on health, compared with adults, and the house is the most important site of such exposure. It is now well-established that children's exposure to ETS results in substantial public health and economic consequences [1] [2] [3] .
The well-known health problems associated with passive smoking, ETS exposure [4] , have led numerous countries, including Turkey, to introduce restrictions or complete bans on smoking in public areas. However, this ban cannot protect non-smokers who live with smokers against ETS exposure [4] [5] [6] . Another concern for our country is whether these bans on smoking in public places could adversely affect children's health by shifting smoking into homes.
Few community-based intervention studies have examined how to effectively increase the adoption of smoke-free homes [7] . Little research has focused on brief and practical strategies for addressing ETS exposure through interventions focused explicitly on creating a smoke-free home [8] .
In our study, we tried to determine acceptability and long-term outcomes of brief intervention coaching with preteens and adolescents that explicitly targeted the creation of smoke-free homes.
office to express interest in participating. Interested participants were called to our research office and were screened for eligibility. For children aged <12 years, their parents were also told about the study and given fliers. The study purpose and procedures were explained to eligible participants (76 were ineligible), and 382 adolescents and preteens (parents) who agreed to participate provided verbal consent over the telephone and were enrolled (n ¼ 382). Three hundred fifty-two participants completed the entire study (n ¼ 352). Control group patients were our well-child-care patients. They agreed to answer our questionnaire and home visits.
We used a two-group randomized controlled trial design. Adolescents and preteens were randomized to the study (n ¼ 176) or control (n ¼ 176) group after baseline interview. In baseline interview, questionnaire consisted of demographic data (age, gender, education scale, education of father, education of mother, father's employment, mother's employment, annual household income, home ownership status, type of housing, number of other children at home, adolescent tobacco exposure, mean number of friends who dislike smokers, home-smoking rules and self-report of total number of cigarettes smoked at home).
A random number list was used to assign participants to study or control group. Data collecting research assistants were blinded to group assignment, and control families were unaware of counseling procedures. Investigators were blind to results until all data were collected.
All participants in the study group received the four intervention components at 2-week intervals. The smoke-free homes intervention consisted of four components: three posting of print materials and interactive CDs and one coaching call, aimed at increasing household smoking bans and reducing secondhand smoke exposure.
The first set of print materials was given after completion of the baseline survey, followed by a coaching call at week 2, with the remaining print materials given at 4 and 6 weeks. A follow-up survey was conducted 8 weeks after baseline.
The materials were designed to target non-smokers who allow smoking at home. Social cognitive theory was selected because of its emphasis on both cognitive and environmental determinants of behavior [9] [10] [11] . Participants were encouraged to work through the five steps of creating a smoke-free home. These include (i) deciding to create a smokefree home, (ii) talking to household members about making home smoke-free, (iii) setting a date for going smoke-free, (iv) actually making home smoke-free and (v) keeping home smoke-free.
The first component, after completion of the baseline survey, was a 'toolkit' for creating a smoke-free home CD. The tool-kit included a 'FiveStep Guide to a Smoke-Free Home' that described the steps, tips and strategies to plan for, make and keep a smoke-free home. CD recordings included definitions of secondhand smoke and smoke-free homes, a list of reasons to have a smoke-free home and truths about secondhand smoke.
The second component of the intervention was a coaching call. The semi-structured script elicited responses on the progress of making home smokefree, benefits of a smoke-free home and challenges and barriers to setting a smoke-free home rule. The coaching session ended with a summary of the call and goals for making and/or keeping a smoke-free home.
The third component included additional educational information in the form of a photo story that depicted a household comprising a mother and a child going through the process of making their home smoke-free. It provided information on secondhand smoke and its dangers, tips on having a conversation with the smoker at home, ways to make smoking outside easier and ways to celebrate being smoke-free.
The fourth component included a newsletter with testimonials and success stories portraying families and their reasons for having a smoke-free home, as well as examples of ways to keep their home smokefree. This CD also included a third-hand smoke fact sheet.
At the end, we made home visits at 2, 6 and 12 months and took urine samples of adolescents and preteens. In addition, we made a short questionnaire about home rules about ETS. For constructing a system of self-reinforcement, we used small gift cards as an incentive to initiate and to maintain the desired behaviors.
ETS exposure, the combined total daily consumption of cigarettes, was categorized as: 0-9 cigarettes consumed daily by the cohabitant smokers: light consumption; 10-19 cigarettes: moderate consumption; !20 cigarettes: heavy consumption.
ETS exposure level, as measured by u-cotinine (Urinary cotinine) and urinary creatinine (u-creatinine) in the urine samples, was measured using the procedures outlined in previous publications [12] [13] [14] . Urinary cotinine was determined by isotopic dilution liquid chromatography tandem mass spectrometry [12] . Urinary creatinine was measured by the method of Jaffe [14] . Urinary cotinine concentrations were expressed in micrograms/gram of creatinine to adjust for urine dilution.
Urine cotinine measures were conducted over 2 weeks to establish a reliable estimate of adolescent's baseline ETS exposure and repeated after 2 (postintervention), 6 (follow-up) and 12 (follow-up) months.
Student t test for independent samples, chi-square test and correlation analysis were used for statistical comparison of study and control groups. Significance was taken as P < 0.05.
Results
Three hundred fifty-two children were enrolled in the study. Their ages ranged from 8 to 16 years. The study group had 176 children; the control group had 176 children. Their age, sex, education, annual household incomes of their families and their fathers' and mothers' employment and education are given in Table 1 . There was no statistically significant difference between them.
Home ownership, type of housing, number of other children at home of families, tobacco exposures and mean number of friends who dislike smokers, of children included in the control and study groups are given in Table 2 .
Baseline home-smoking rules of the control and study groups and how they changed during study period are given in Table 3 . Baseline home-smoking rules of both groups were not statistically significantly different (P > 0.05); however, home-smoking rules were significantly different at 2, 6 and 12 months after start of the study (P < 0.001).
Baseline self-reported total number of cigarettes smoked at home daily in study and control groups and their change during study period is shown in Table 4 . Baseline self-reported total number of cigarettes smoked at home daily of both groups was not statistically significantly different (P > 0.05); however, total number of cigarettes smoked at home daily was significantly different at 2, 6 and 12 months after start of the study (P < 0.001).
Baseline and post-intervention urinary cotinine levels of study and control groups are demonstrated in Fig. 1 and Table 5 . Baseline urinary cotinine levels of both groups were not statistically significantly different (P > 0.05); however, post-intervention urinary cotinine levels were significantly different at 2, 6 and 12 months after start of the study (P < 0.001).
Correlation analysis was performed between selfreported total number of cigarettes smoked at home daily and urinary cotinine levels of study and control groups. Statistically significant linear correlation was found between baseline, 2-month, 6-month and 12-month self-reported total number of cigarettes smoked at home daily and urinary cotinine levels (r ¼ 0.76, P < 0.001; r ¼ 0.42, P < 0.001; r ¼ 0.54, P < 0.001; r ¼ 0.87, P < 0.001, respectively).
Discussion
ETS is a global epidemic [16] [17] [18] . In Turkey, protecting children from ETS exposure in home environments has many social and political implications, in that it is difficult to monitor and regulate behavior in private residential settings. Therefore, protecting children from home exposure is a complex and sensitive issue [19, 20] .
In the present study, we focused on preteen and adolescent groups to decrease ETS in their homes. Our intervention was brief and acceptable for them. Participants reported high levels of interaction with the intervention materials. Hovel et al. [21] studied whether coaching and cotinine feedback provided to preteens-without direct coaching of smokers or caretakers-could reduce preteens' ETS in homes.
However, their method had at least eight home sessions and their study population was from a low-income level. Kegler et al. [22] used the same intervention, but their follow-up period was short and they did not use a control group. Our study sample was from all socioeconomic levels of our population. Therefore, we can generalize our results to other populations. Another important point was using an objective method (urine cotinine measurement) to validate self-reports of smoke-free homes. In this area, there are some randomized controlled trials using objective assessments [21] [22] [23] [24] [25] [26] [27] but if we examine their cotinine measurement methods, we can see that they did not include urinary creatinine in their methods, which was used by Jaffe [13] . So, all urinary cotinine concentrations must be expressed in micrograms/gram of creatinine to adjust for urine dilution.
In most ETS intervention studies, study samples consisted primarily of parents who were current smokers and most of the study participants were women, particularly mothers [21] [22] [23] [24] [25] [26] [27] [28] [29] . In our study, we tried to focus on preteen and adolescent age group. There were two reasons for this. First, we wanted to inform them that ETS in their home would be a major contributing factor for their tobacco addiction, and second, that they could create some pressure for smoking household members more effectively. We assumed that incorporating them to our intervention would make our trial more effective with a minimal loss to follow-up.
Some studies achieving ultimate goal of reducing children's ETS exposure were targeting parental smoking cessation exclusively, with the obvious implication that if the parents quit smoking, the child's exposure would be reduced or eliminated [23] [24] [25] . Some studies recommended participants either to quit smoking or to alter smoking behavior to reduce ETS exposure if they were unable or unwilling to quit [7] . We think that parents were not required to quit but rather alter their smoking behavior in ways that might reduce their child's exposure to ETS.
A stepped-care approach would be ideal, with initial minimal-contact advice provided from a pediatrician with feedback and supplemental printed materials, leading to greater intensity and duration in follow-up home visits [26] [27] [28] [29] [30] [31] [32] [33] . For targeted behavior change, intervention components would be structured based on social cognitive theory and behavior modification principles. Social learning-cognitive theory has been found to be an effective framework for ETS reduction, and Borland [34] concluded that this model provided the best framework for understanding ETS exposure practices and a useful basis for changing them.
Study limitations and challenges of this study can be measurement inconsistencies. In fact, even the definition of ETS may be inconsistent between studies. Studies typically define ETS as 'cigarettes smoked around the child', but within this definition are many gradations of actual ETS exposure. For example, smoking a cigarette around a child in an automobile with closed environment is different from smoking a cigarette around a child in a large ventilated room, but each may be counted as one cigarette exposed based on current definition. We did not account for such differences in their operational definitions and resulting measurements of ETS [30] .
The use of cotinine as a biomarker, although moderately correlated with self-report, is limited by individual differences in uptake, distribution, metabolism and excretion of nicotine [35] . More sophisticated measures need to be developed that can provide more reliable and valid estimations of ETS exposure.
Owing to the increasing social and political implications, parents may be highly reluctant to admit smoking around their child. For this reason, we made two home visits at 6 and 12 months. We determined strong validity correlations among biological and reported measures related to ETS. No previous study has targeted adolescents or preteens as the primary recipients of coaching to avoid ETS. Our objective marker of total nicotine exposure (cotinine assay) showed significant and greater reduction in intervention group than the control group (Fig. 1) .
As a conclusion, as a physician-based intervention, our study was effective. Home-based interventions, which included more contact, generally appeared to be more effective. However, they are time-consuming and costly. Future studies should test preteen or adolescent intervention procedures with or without concurrent advice to parents and teachers to support adolescents' effort to avoid ETS. Clinical providers, especially those delivering medical care, might offer feedback and brief interventions to preteens and adolescents. We think that because of the ease of intervention on delivery, this intervention has a potential to have a significant impact if widely disseminated.
